This study applied engineering techniques to develop a nurse scheduling model that, while maintaining the highest level of service, simultaneously minimized hospital-staffing costs and equitably distributed overtime pay. In the mathematical model, the objective function was the sum of the overtime payment to all nurses and the standard deviation of the total overtime payment that each nurse received. Input data distributions were analyzed in order to formulate a simulation model to determine the optimal demand for nurses that met the hospital's service standards. To obtain the optimal nurse schedule with the number of nurses acquired from the simulation model, we proposed a genetic algorithm (GA) with two-point crossover and random mutation. After running the algorithm, we compared the expenses and number of nurses between the existing and our proposed nurse schedules. For January 2013, the nurse schedule obtained by GA could save 12% in staffing expenses per month and 13% in number of nurses when compare with the existing schedule, while more equitably distributing overtime pay between all nurses.
Introduction
In order to succeed in organization management, one of the important factors that should be taken into consideration is human resource management within the organization for maximum efficiency at all times. This will enable the organization to always drive the mission to the target successfully with the highest efficiency and effectiveness. For personnel management within hospitals, scheduling the work of nurses is one factor that is important and difficult to manage for maximum efficiency due to the uncertainty of the number of patients each day, which causes difficulty in managing nursing staff to adequately and appropriately provide services to patients. If there are too many nurses, the hospital will likely unnecessarily waste the budget. However, if there are too few nurses, the hospital will not have enough nurses for all the patients or each nurse may receive or have to take on excessive workload [1] . Due to the high complication associated with nurse scheduling problems, using people to schedule may cause errors easily, such as the task not being done with high effectiveness and the process taking longer times.
Approaches in the 1970s and 1980s addressed a number of problem formulations and solution techniques. A goal in many studies was to provide support tools to reduce the need for manual construction of nurse scheduling. Some studies [2] [3] [4] [5] [6] addressed the problem of determining staff levels and skills based on the numbers of patients and their medical need. Further advances [7] [8] [9] were made in applying linear and mixed integer programming and network optimization techniques for developing nurse scheduling. The numbers of researches have included a mix of heuristic and simulation techniques in an attempt to deal with more complex nurse scheduling. As real world problems are immense and deal with many constraints heuristics and recently metaheuristic such as simulated annealing (SA), tabu search (TA), and genetic algorithms (GA) have been developed to generate high quality nurse schedules in an acceptable computation time. Reference [10] proposed TA for constructing nurse scheduling whose objective is to ensure that enough nurses are on duty at all times while taking account of individual preference and requests for days off in a way that is seen to treat all nurses fairly. Recently, GA has been applied to staff scheduling in different application areas such as transportation systems [11] , health care systems [12] , emergency services, ambulance and fire brigade, call centers, and many other service organizations.
In this paper, we intended to solve nurse scheduling problem by combining mathematical model, computer simulation, and GA. Nonlinear integer model was formulated. The average total overtime payment and fairly payment to all the nurses were considered to minimize which maintains the standard of service level. When mathematical models are applied to solve the problems, the objective function becomes the sum of the overtime payment of all the nurses and the standard deviation of the total overtime payment that each nurse received. This study aimed to create the most appropriate nurse scheduling model by applying the simulation technique to analyze the distribution of the data. Thereafter, a simulation model was created to determine the appropriate demand for nurses with no more than 15% of patients waiting longer than the average service time, as well as those with more than 25% of patients waiting, and, with the application of GA coding in Matlab program, to calculate the best work schedule from the most appropriate demand for nurses acquired from the simulation. Then the expenses and the number of nurses from the new work schedule were compared with the actual expenses of the work schedule and the previous number of nurses.
Problem Analysis and Formulation

Cause and Problem Analysis of Nurse
Scheduling. Currently, one hospital is using manpower planning for nurse scheduling. This method involves workload and productivity efficiency measure per hour of work on average by having 20 nurses in the outpatient department who are rotated for work in the following five departments: (1) department of surgery (SUR), (2) department of internal medicine (MED), (3) department of eye, ear, nose, and throat (EENT), (4) department of pediatrics (PED), and (5) department of obstetrics and gynecology (OBG). There are two types of nurses' working schedules: 8 hours per day (08.00-16.00 hours) and 12 hours per day (8.00-20.00 hours), with fixed workload each day, and the working time cannot be changed at this stage. This causes problems while allocating the holidays in order to meet the needs of the nurses [13, 14] .
Nurse scheduling at this hospital uses only one format which assigns the same number of nurses to take care of each department every week. This format of scheduling is not consistent with the number of patients treated each day and does not bring into consideration factors related to service levels and queuing systems in nurse scheduling. It is not possible to allocate similar rates of overtime payment for all nurses. The researcher emphasizes the importance of an appropriate and effective nurse scheduling model for ensuring the least cost to the hospital while maintaining the level of service of the hospital and being fair in paying overtime to all the nurses at similar rates by using simulation and optimization method to create the most appropriate nurse scheduling.
Mathematical Modeling and Demand Function.
We created the objective and the limitation equations under various conditions based on the information obtained from the hospital by developing an integer programming mathematical model with assignment problem [15, 16] . The preliminary data were set in the following conditions:
1, when nurse works on date at time in department 0, otherwise,
(1) where = 1, 2, 3, . . . , 20 (nurse), = 1, 2, 3, . . . , 7 (seven working days: Monday, Tuesday, Wednesday, . . ., Sunday), = 1, 2 (two working shifts: regular working hours (08.00-16.00 hours) and overtime hours (16.00-20.00 hours)), = 1, 2, 3, 4, 5 (department of surgery (SUR), department of internal medicine (MED), department of eye, ear, nose, and throat (EENT), department of pediatrics (PED), and department of obstetrics and gynecology (OBG)), = total number of nurses, SOT = sum of all the overtime payments that nurses receive, SD = standard deviation of the total overtime payment that each nurse receives, AVG = average of total overtime payment that each nurse receives, OTD = additional overtime payment that nurse receives on the working date in the department , OTW = overtime payment that nurse receives in a week, OTS = total overtime payment that nurse receives, and Demand = demand for nurses on date at time in the department .
The objective equation includes two purposes.
(1) The expenses of the hospital are minimal.
(2) The standard deviations of the total overtime payments of the nurses are the most similar.
Doing a calculation to find the answers for the problem patterns with multiple objectives would be highly complicated, and it would be difficult to find an answer. To make it easier to calculate, two equations were combined together. However, since both the equations are in different units, to include the two together, it is necessary to change them into the same unit by making these two equations in the form of a percentage of the total. Weighting the importance of the target functions to percent and (1− ) percent, respectively, will make up the sum of the hospital cost percentage equation, and the standard deviation of the total overtime payment that each nurse receives can be estimated as follows:
where = weight adjusted, AvgSOT = sum of average total overtime payment that every nurse receives in that particular month, and AvgSD = standard deviation of the total overtime payment that each nurse receives in that particular month. Constraints equation includes the following.
(1) The number of nurses must be adequate to meet the needs of the patients in each working period and day:
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(3) All nurses must be selected to work (6) and work not over six days per week (7):
(4) In a day, one nurse can work only one period in one department:
Equations related to expenses are as follows. When nurses work for more than 40 hours in a week, they will receive an overtime payment of 650 Baht per eight hours or 81.25 Baht per hour, and if within 16.00-20.00 hours, they will receive 50 Baht extra overtime payment per working day:
After that, the least number of nurses ( ) is determined in order to be scheduled under existing limitations. Proposed mathematical model with objective function (2) subject to constraints (3)-(9) was verified by simple problem, as shown in Table 1 . With the conventional exact solution approach, the nurse scheduling was constructed for two departments, SUR and MED, and reported by Gantt chart, as shown in Table 2 . In Table 2 , * and # represent the schedule of SUR and MED, respectively. Lingo software also reported that the mathematical model is nonlinear model with integer variables.
Building Simulation to Find Appropriate Demand for Nurses
In this case, since a service criterion system has not been in use in the hospital, the demand for nurses as in the present may not be an appropriate demand for finding the least cost work schedule. The researcher examined an appropriate demand for nurses (Demand ) by creating a simulation using the Arena program to determine the appropriate demand for nurses in each department and in all the periods of each day from the original hospital data. It was found that, on average, 34.08% or 54.87 patients per week had waited longer than 25% of the total average service time. Therefore, the researcher aimed to bring about an improvement at the initial state itself by creating a simulation under the service criteria that set the limitation as only 15% of the patients on average did not have to wait longer than 25% of the total average service time.
Data Collection of Patient Service and Nursing Service
Duration. For the data collection of each department at each period of each day (starting from when the patients register until they wait to see a doctor), the researcher chose to use the data as each day in the month to represent day in that month. Collecting data were done by the quality assurance section in case study hospital; they defined the outpatient based on the combination of appointments and walk-ins. Interarrival time for regular and overtime hour including service time has been collected for two years in winter season which has the largest number of outpatients. The interarrival time for regular and overtime periods were separately collected, due to significant static data. However, no significant difference was noticed for service time. Then, the data were classified by day in a week and analyzed for their statistics distribution for three categories.
Data Distribution Analysis.
The data were analyzed by using a suitable dispersion, input analyzer, in the Arena program, and by selecting the distribution with the highest value using the significance level ( ) at 0.05 (95% confidence), as shown in Table 3 . The value is a key concept in the approach of Ronald Fisher, where he uses it to measure the weight of the data against a specified hypothesis and as a guideline to ignore data that does not reach a specified significance level.
Simulation Modeling.
We created a simulation modeling starting from when the patient registered at the service department based on interarrival time and service time statistics distribution reported in Table 3 . Because these statistics distributions consider the arrival of appointment and walk-in patients then this simulation model can take into account the dynamics of walk-in patients. Beginning with statistics distributions patients' arrival, patients had registered at the service department. According to patient's symptom, they had moved to required department counter and waited for medical history file. To parallel with file searching and coming, patients had queued and waited for nurse service. Nurses served the fundamental examination such as weight, blood pressure, temperature measure, presymptom examined and finally recorded all measure data in the file after it arrived. Service time distributions recorded and fitted by statistic approach in Table 3 were used as the data set in process box. After that, we saved the percentage information of those patients whose waiting time exceeded the service time limitation, as shown in Figure 1 . Then we adjusted the number of nurses (resource) in the capacity column manually, as shown in Table 4 , until the percentage of the patients waiting for more than the limit (average and half-width) in each department was less than 15%, according to what we wanted in every section, as shown in Table 5 . After that, we processed 100 replications.
From Table 4 , it can be observed that the departments of SUR, MED, and EENT appointed two people, PED appointed three people, and OBG appointed one person to work in their departments.
From Table 5 , we can see that all the departments with the percentage of patients waiting for more than the limit (average and half-width) do not exceed 15%. The EENT, MED, OBG, PED, and SUR departments had the percentages of patients waiting for longer than the limit (average plus positive half-width) at 0.7918%, 2.0505%, 5.0424%, 2.7194%, and 5.6773%, respectively. We considered only the positive half-width because we would like to know the maximum percentage of patients waiting.
Simulation Model Verification.
In model verification, we compared the results between real situation which occurred in this hospital and the simulation model. Average number of patients receiving service, average number of patients waiting longer than average service time, and average number of patients waiting less than average service time were proposed for preforming simulation model efficient. The 100 times with eight-hour simulation were conducted for all five outpatients departments. The results were reported in Table 6 . In simulation row, we reported the average number plus/minus with their corresponding half-width. Table 6 reported that the OBG got the highest % error in terms of average number of patients receiving service due to the low value reported in Table 3 . With this error, however, we can adopt this simulation model generated by the arena program for real case application.
After model verification, manual adjustment of the resource capacity was done and selected under hospital top management service policy. The service level policy was set as no more than 15% of patients waiting longer than the average service time. Then, the appropriate resource (number of nurses) from simulation was shown for each department in Table 7 . This number of nurses will be used as the data for nurses demand (Demand ) in the mathematical model for obtaining the optimal nurse schedule. Even though, to obtain the optimal nurse schedule with conventional approach always consumes computational runtime and hardware implementation. Genetic algorithm was proposed to solve and obtain an acceptable solution.
Programming for Genetic Algorithm Nurse Scheduling
We coded a genetic algorithm program for use in the shift scheduling of nurses with the Matlab program by using the following steps.
Chromosome Format and Chromosome Encoding.
A chromosome format uses a binary number system, and it is divided into three levels, as shown in Figure 2 , where level 1 is a nurse at 1, 2, 3, . . . , ; level 2 is the working days Monday, Tuesday, Wednesday, . . ., Sunday; level 3 is the number of 8 bit code.
Chromosome Encoding and Chromosome Decoding.
To encode the chromosome, we used the binary coded decimal system which is a system that uses the 8 bit binary code instead of the general code we have set up. We can encode and decode the chromosome, as shown in Table 8 , where 
Crossover and Mutation.
Crossover is an important operator which combines the good properties of both parents in order to possibly yield new better children chromosomes [17, 18] . As usual, the simple crossover operator (one-point crossover) consists of randomly choosing a crossover point and then recombining the pieces of a pair of chromosomes to form two new chromosomes. The simple crossover is compatible with the random keys encoding, though it generally fails to preserve the permutation when dealing with natural encoding. Hence, for natural encoding, special crossover operators must be used [19] . Roulette wheel selection (RWS), ranking selection (RS), tournament selection (TS), partially matched crossover (PMX), order crossover (OX), and cycle crossover (CX) are evaluated by comparing the performance of GA's operators on university course timetabling problem [20] . PMX, OX, and CX operators require two crossover points. Given two parent chromosomes, and , child chromosome will inherit form the subsequence between these two points and child chromosome , form , the respective subsequence. The elements of and outside the two points are copied from the other parent chromosome, while trying to preserve its position under the PMX operator or by trying to preserve its order under the OX operator. A comparative analysis of PMX, CX, and OX crossover operators for solving travelling salesman problem (TSP) was reported in [21] . The experimental results show that the PMX crossover outperforms the CX and OX crossover operator in TSP with 25 numbers of cities. For our problem, simple test was conducted and we found PMX provided a better solution than one-point crossover; specifically, one-point crossover cannot take into account all constraints (3)- (8) .
After applying crossover, the mutation operator acts on the pairs of chromosomes. Although mutation occurs infrequently in nature, it is believed to be an important driving force for evolution. The mutation is adopted to allow for the introduction of new chromosome into the population and is effective to escape from a local optimum. The simple mutation operates by randomly changing its value with a given probability used in our experiments.
Evaluation of Fitness Value.
The fitness value can be evaluated by using two criteria, as follows.
Criterion one: a chromosome is a feasible solution.
(i) Fitness value is the objective function that is processed by (2).
Criterion two: a chromosome is a nonfeasible solution.
(i) Fitness value is equal to 1000 units.
Chromosome Selection.
We selected the chromosome by using roulette.
Elite Preserve Strategy.
The previous chromosomes with high fitness values were replaced by the new chromosomes with the lower fitness values. Then, they were used as the initial population for the next iteration.
Termination
Criteria. The condition to stop seeking answers was that when the required number of solutions fully meets the numbers of iteration specified; we stop the examination process immediately.
Experiment Design to Determine Optimal Configuration in Genetic Programming
In this section, we introduced design of experiment (DOE) technique for screening the effected parameters and parameters setting guideline for genetic algorithm solution search machine. We conducted the experiment by fixing current number of nurses at 18 with the low level nurses' demand in each department. All three expecting parameters were set by two levels, maximum and minimum.
Determining Factors and Factor Values in Each Level.
Factors can be chosen for the experiment as follows:
(1) population number, (2) percent crossover rate, (3) percent mutation rate.
We used the factors in Table 9 to construct the experimental design matrix, full factorial design (2 ) (8), and then conducted the experiment by using three center points per block with all the three replicates. We also fixed the number of maximum cycles to 400 cycles. This was because the research revealed that the number of the calculated cycles had high stability. The cycles also took a long time to calculate and, so, may cause inconvenience in their actual use. The number of nurses, 18 in total, was fixed at the beginning for the experimental design, and the results are shown in Table 10 which includes the use of the data for the demand for nurses from the first week of January.
Effect and Coefficient Analysis and Model Adequacy
Checking. We used the experimental results to analyze the effects and coefficients by using the Minitab program in order to find the factors affecting the expected responses. Figure 3 shows that the data were normally and consistently distributed without any tendency and can be used to analyze further results. Table 11 shows that the correlation of the data is linear because the center pt. is greater than 0.05 and the values of the , , , , and factors are less than 0.05, which is significant for the experiment. It was concluded that the and factors were significant at the confidence level of 0.05, as shown in Figure 4 . The -Sq. value ranges from 0 to 1 or from 0% to 100%. If the -Sq. value is very close to 1, then it indicates that the simulation can explain the different variables more properly and accurately. Table 12 shows that the -Sq. value is equal to 99.48%, which is very high. This means that the data can explain dependent variables properly and can analyze further response optimizer functions.
Analysis for Finding out Most Appropriate Results by Using
Response Optimizer. The results were analyzed by using a response optimizer of Minitab, as shown in Figures 5 and 6 .
From the results obtained, as shown in Figure 5 , this study aims to determine the lowest target equation. As a result, we changed "Goal" to "Minimize" since the target equation was the sum of the hospital expense percentage and the standard deviation of the overtime each nurse received which ranged from 0 to 100. As a result, the target was set to 0 and the upper target to 100. Figure 6 shows that if we want to configure the genetic program to obtain the lowest target equation, it must be set as shown in Table 13 . From the prediction equation, the target equation should be equal to 0.4492 (obj. = 0.4492). Table 13 : Guideline setting for genetic program from response optimizer function.
Factor Level (1) Population number ( ) 1 0 (2) Percent crossover rate ( ) 9 5 (3) Percent mutation rate ( ) 9 5 Possible optimal parameters setting may occur at the low level % mutation; we conducted the experiment and reported in Table 14 . The reports showed that the objective function is worse when % mutation decreased. The reports also shown that the higher % mutation, the better objective functions.
Result Confirmation Experiment.
We experimented to check for accuracy by configuring the genetic program, as shown in Table 12 , together with fixing the maximum iterations to the number of nurses at 400 cycles and 18 nurses, respectively, as shown in Table 15 . Table 15 shows that the actual target value (obj.) is actually better than (i.e., less than) 0.63% of the predicted value and can be used practically and actually decreased the target equation (obj.). 
Change in Number of Nurses ( ) in Optimal Scheduling under Constraint Equation
We changed the number of nurses ( ) which was an index in the constraint equation in order to find out the least number of nurses ( ) who were able to schedule the work under the restrictions by using genetic programming and by gradually reducing the number of nurses ( ) down to the final value at which the program could calculate the answer. The calculation was performed at = 0.6 in Table 16 . Table 16 shows that the least number of nurses ( ) which could schedule work under the restrictions was 20. Based on 20 nurses, amount of overtime payment and standard deviation of overtime payment were calculated and reported in Table 17 . Therefore, number of working hours for each nurse, number of nurses in each department, and nurse's schedule plan were generated and reported as shown in Tables  18 and 19 .
From Table 17 , it can be observed that the target equation (obj.) of the responses obtained was equal to 0.3959. The sum of the overtime payment of all nurses was 16,600 Baht per week. The standard deviation of overtime payment that each nurse received was 214.843. For fair comparison, we have to convert the real overtime payment and standard deviation for current 18 nurses to 20 nurses. Then, we can report that the sum of the total overtime payment and the standard deviation of the overtime payment that each nurse received which is obtained from the model were less than those of the old working schedule, at 17,991 Baht per week and 882.369, respectively. Table 18 shows that all the nurses worked according to the conditions specified; that is, one nurse must work at least 40 hours per week, as in (4), but must work fewer than 60 hours per week, as in (5), all would be selected to work, as in (6) , and the duration of work must not exceed six days a week, as in (7) .
From Table 19 , we can see that the number of nurses working in shifts each day was more than the demand for nurses (Demand ), as shown in Table 6 , which is according to (3) , and the specified service criteria (on average, 15% of the patients waiting for services should not wait longer than the average service time of 25%) because the number of nurses working in shifts was more than the demand.
To study the effect of weight adjusted ( ), more numerical experiments were conducted by GA coded in Matlab at 400 iterations and reported in Table 20 . The report was shown as we expected; more weight adjusted less overtime payment simultaneously with higher standard deviation. It means that if management focuses on reducing the overtime payment, it will lead to unfair payment or bias nurses' schedule plan.
Comparison of Advantages and Disadvantages of Adaptive Genetic and Optimization Approach
We processed the data to do a comparison between the results of the adaptive genetic approach and the results obtained by the Lingo program using the same data in order to compare the target equation (obj.) and computation runtime, as shown in Tables 21 and 22.  Table 21 shows the results of the processing experiment after it was conducted ten times. The work schedules using 20 and 24 nurses with the calculating cycle of 400 rounds resulted in the best value for the target equations of 0.4361 and 0.4551, respectively. After ten processing experiments, the work schedules for 20 and 24 nurses with the calculating cycle at 1,500 rounds resulted in the best value for the target equations of 0.3959 and 0.4493, respectively, and can be summarized as presented in Table 22 . Table 22 shows that the work schedule for 20 nurses at 1500 rounds, when compared to the Lingo program, could calculate the work schedule with the target equation (obj.) less than the genetic algorithm by around 5.80% and 10.8 ± 2.4%, on average, but that the one created by the Lingo program used longer computational runtime, by over 868.49% and 764.52%, on average. We can also notice that the results at 400 rounds reported the same direction; the best and the average solution of genetic algorithm differ about 9.82% and 14.97 ± 3.8% from the optimal, respectively. However, the optimal method used longer time, by over 3062.57% and 
Conclusion
The findings showed that the genetic program created could manage the work schedule of nurses under given conditions and achieve the desired objective. It could create work schedules of nurses that were fair in overtime payment to all the nurses and could reduce the hospital expenses by setting the new coming nurses' minimum salary at 15,000 Baht per person. From Tables 23, 24 , and 25, the following results can be concluded: the work schedules from proposed method reduce the waiting time of the number of patients waiting longer than 1.25 times of the average length nursing service from 34.08% to less than 15%, on average (starting from when the patients register and wait to see the doctor). If we want to schedule the work of the nurses in January 2012 in order to meet the criteria for the service of this study, we have to increase the number of nurses from 18 to 20 so that the number can perfectly meet the needs of the patients according to the criteria. The work schedules of the nurses can be most appropriate if the target equation is 0.3959 which uses the time of calculation as 6.03 hours with a standard deviation of less than 80.28% and the overtime payment less than 29,564 Baht per month. When this is compared with the actual work schedule in January 2013, the work schedule could reduce the number of nurses from 23 to 20 with a decreased standard deviation, that is, 89.08%, and the decrease in the total overtime payment would be 50,148 Baht per month. We could calculate the most appropriate work schedule quicker than by using the conventional approach which results obtained by Lingo program, version 5.0, 868.49% with 1500 rounds for the calculation cycle.
As we know, hospitals belong to the service business sector; continuous improvement along with response to customer satisfaction is the key success factor in this business. To reduce the waiting time in every hospital process, high standards in medical care and highly experienced medical doctors are needed. Presently, Thailand has set its aim to become an Asian medical and tourist hub; this strategy of the country may cause and force hospitals to improve their service quality for responding well to the high number of outpatients. Updated data collection needs to be done; servicelevel policies have to be reconsidered. Demands of outpatient nurses and their schedules may change from time to time. Inpatient nurses may be allocated to assist when the management wishes to reduce the fluctuation in the number of outpatient nurses. Thus, modern management and high efficient tools are necessary; this is the reason why GA is involved instead of an adoption of the conventional approach. However, regarding the implementation of simulation, even GA is not familiar to the hospital people. Optimization capacity building is another issue that the hospital management will have to consider.
